Quantification of growth factor-dependent keratin network motility at subcellular resolution by Windoffer, Reinhard et al.
QUANTIFICATION OF GROWTH FACTOR-DEPENDENT KERATIN NETWORK 
MOTILITY AT SUBCELLULAR RESOLUTION 
Reinhard Windoffer#,&, Marcin Moch#, Gerlind Herberich*, Til Aach*, Rudolf E. Leube# 
# Institute of Molecular and Cellular Anatomy 
RWTH Aachen University, Wendlingweg 2, 52074 Aachen, Germany 
* Institute of Imaging and Computer Vision 
RWTH Aachen University, Templergraben 55, 52056 Aachen, Germany 
& E-mail: rwindoffer@ukachen.de 
 
Key Words: Living cells, in vivo labeling, cytoskeletal dynamics, intermediate filaments, 
keratins, motion analysis, quantification 
 
The keratin intermediate filaments are an essential part of the cytoskeleton in mammalian 
epithelial cells. They play a central role in the resistance of these cells against mechanical 
forces and are involved in the regulation of various basic cell functions [1]. Keratin filaments 
are typically organized as a complex cytoplasmatic network (Fig. 1A). This network is 
remarkably dynamic: New filaments assemble continuously from a pool of small soluble 
keratin polymers in the cell periphery. They are integrated into the peripheral network and 
move toward the nucleus. There, filament formation is counterbalanced by network 
disassembly into soluble subunits that are reutilized for further rounds of assembly and 
disassembly [2]. 
To measure the keratin flow under different conditions, we have 
developed image analysis tools which allow us to quantify the 
speed and direction of keratin displacement. Confocal time lapse 
fluorescence images (e.g., Fig. 1 A) were used to calculate 
vectorfields (Fig. 1B). They show that peripheral keratins move at 
a speed of 180 - 270 nm/min towards the nucleus whereas the 
perinuclear filaments remain static. After application of the growth 
factor EGF an increase of the peripheral keratin flow is readily 
apparent (Fig. 1 B, C). This demonstrates that the newly developed 
image analysis tools will help us to quantitatively analyze the 
importance of mechanical and physiological cellular properties on 
keratin cycling. 
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Fig.1 A. Confoal image of an epithelial cell producing florescent 
keratins. B, C. Vectorfields showing centripetal keratin movement in 
the same cell before and after application of 10 ng/ml EGF. The 
length of vectors corresponds to the speed of keratin. Bar 10 µm. 
